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ABSTRACT

The Norphlet Formation is a Jurassic age siliciclastic unit overlying the Louann Salt and
beneath the Smackover Formation within areas of Louisiana, Mississippi, and Alabama. The
Norphlet Formation in Alabama is known to be dominated by a broad desert plain stretching
from east to west, rimmed to the north and east by the Appalachians and to the south by a
developing shallow sea. The top of the Norphlet formed the surface for deposition of the
overlying Smackover Formation. This surface was flooded by a rapid influx of marine water that
was the environment of deposition for the carbonate units of the Smackover Formation. Four
main lithofacies within the Norphlet were deposited in southwestern Alabama as a result of
erosion of the southern Appalachians. The four lithofacies include: basal shales, conglomerates
and conglomeratic sandstones, the Denkman Sandstone member, and a red bed succession. The
conglomerates were deposited in coalescing alluvial fans proximal to an Appalachian source.
The conglomeratic sandstones grade downdip into red beds that accumulated in distal portions of
alluvial fan. Playa lake sediments also accumulated in the interdunes areas allowing for
deposition of evaporites associated with the Norphlet formation. The aim of this research is to
examine the Norphlet Formation within the Conecuh Embayment and reconstruct the paleoenvironment before the deposition of the Smackover Formation. Norphlet sand dunes, salt flats,
and alluvial fans were covered by the Smackover sediments through rapid transgression of
marine waters associated with the opening of the ancestral Gulf of Mexico. Understanding the
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paleogeography and paleoenvironment will help in understanding the underlying sediments that
may impact the deposition and alteration of the overlying Smackover.
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1. INTRODUCTION

The Norphlet Formation is a siliclastic unit at the base of the post-salt Jurassic
sedimentary sequence in the Northern Gulf Coastal Province. In the past, the overlying
Smackover carbonates have been the primary exploration objective in this trend. However, the
Norphlet became an important formation from the discovery of it containing hydrocarbons and
reservoir quality rocks. Hydrocarbon accumulations within the Norphlet in southern Alabama
have been related to salt movement and faulting. The Norphlet Formation consists of terrigenous
clastics that were deposited in eolian, fluvial, lacustrine, and shallow marine environments after
the Louann-Werner evaporites were deposited in the rift basins of the Gulf of Mexico.
In the study area located within Conecuh County of southern Alabama (Figure 1), the
Norphlet consists of conglomerate sandstones, basal shale, red beds overlying shale, and an
upper quartzose sandstone known as the Denkman Member (Figure 2). The formation pinches
out updip toward the north and is thin or absent on some basement highs, such as the Wiggins
arch (Cagle and Ali Khan, 1983). The contact of the Norphlet with the overlying Smackover
Formation is generally gradational, which reflects the marine reworking of the upper part of the
Norphlet during the Smackover transgression, but locally this contact is abrupt (Mancini et al,
1985).
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Figure 1. Location map of Conecuh County, AL.
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Figure 2. Depositional model for Norphlet Formation. Conecuh County consisting of
Appalachian Structure and Alluvial Fans, Escambia County consisting of Alluvial Fans and
Alluvial Plain. Gravel noted in orange. Red bed, wadi, and alluvial plain sediments noted in red.
Dune and interdune noted in green (modified from Mancini et al., 1985).

Mancini et al (1985) reported the Norphlet in Alabama rests abruptly on the Louann
Formation (including the Pine Hill anhydrite member) as well as the Werner Anhydrite, Eagle
Mills Formation, and Paleozoic basement rocks, with unconformable contacts. Structural events
that affected Norphlet deposition were the subsiding Mississippi Interior Salt Basin, early
3

movement of the Louann salt, and stable Appalachian ridges and paleohighs. The subsiding salt
basin allowed accumulation of thick Jurassic sediments. Early movement of the Louann salt,
associated with a basement hinge line, initiated growth faults (of Gilbertown-Pollard system) and
domal uplifts during the Jurassic which affected Norphlet deposition. Stable Paleozoic ridges
and paleo-highs, such as, the Conecuh Ridge and the Wiggins Arch were partially emergent and
served as source areas and depositional limits for the Norphlet.
Deposition of the Norphlet in southern parts of Alabama occurred in an arid climate
(Pepper, 1982). A retreating hypersaline sea, which also deposited the Louann salt, deposited the
lower shale in lagoons or mud flats during the event (Figure 3). Along with the retreating sea,
changes in climatic and/or tectonic conditions caused the erosion of clastics from exposed paleohighs. Conglomeratic and red bed sands represent alluvial fan braided stream environments
where clastic deposition occurred. These sediments were re-deposited in desert dune and interdune environments and reworked into downdip areas (Pepper, 1982). Towards the end of
Norphlet deposition, sediments were reworked and deposited in prograding intertidal
environments due to a transgression. The quartzose lithofacies, or Denkman Member of the
Norphlet Formation, represents dune, interdune, and intertidal environments. Norphlet
deposition was controlled by basement paleohighs resulting in thin or absent Norphlet over these
paleohighs.
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Figure 3. Generalized sequence of deposition of Norphlet and associated lithofacies in
southwestern and offshore Alabama (modified from Mancini et al., 1985).
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The Norphlet Formation has primarily been studied in the southwest region of Alabama
due to its oil and gas production, both onshore and offshore (Tew et al., 1991). The Norphlet
Formation was once considered the largest offshore play in the United States with large volumes
of recoverable oil and gas (Minerals Management Service, 2001). The discovery of Pelahatchie
Creek Field in Mississippi in 1967 initiated the production of the Norphlet onshore production
(Marzano et al., 1988). This formation has been of interest due to its major deep gas reservoirs
in the eolian dune sands, since the discovery of Mary Ann Field, Mobile Bay, Alabama in 1979
(Dixon et al., 1989).
The purpose of this study is to examine the well and core data within the Conecuh
Embayment to reconstruct the paleo-environment of the Norphlet Formation at the time of
deposition of the Smackover Formation. Understanding the paleoenvironment prior to
deposition of the Smackover will help in understanding the potential impact of the Norphlet
paleotopography on the deposition and alteration of the overlying Smackover. The focus of this
study is to investigate the geologic setting, stratigraphy, and interpreted depositional
environments of the Norphlet Formation in the Conecuh Embayment within southwestern
Alabama.
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2. GEOLOGIC SETTING
2.1. Tectonic Framework
Jurassic sedimentation in the eastern Gulf Coastal Plain was influenced by the
paleogeographic framework that resulted from tectonic events from Paleozoic to the Late
Triassic-Early Jurassic. These include the combined effects of continental collision during late
Paleozoic, and continental rifting during Late Triassic-Early Jurassic (Wood and Walper, 1974;
Martin, 1978; Salvador, 1987). This plate tectonic framework influenced the accumulation of
Jurassic sediments. The deposition was controlled by differential subsidence and
paleotopography. Most of the significant structural elements in Mississippi, Alabama, and
Florida resulted from basement features related to continental movement, and halokinesis of
Jurassic salt, which developed most of the structures during the Post-Middle Jurassic.
The major basement elements that affected Mesozoic sedimentation in the eastern Gulf
are the Wiggins arch, Baldwin high and associated paleohighs, the Choctaw ridge complex, and
the Conecuh ridge complex in southern Mississippi and southwestern Alabama, the PensacolaDecatur ridge complex in southwestern Georgia and northwestern Florida, and several unnamed
basement features. These features are probably related to the Appalachian fold and thrust
structural trend that was generated in the Late Paleozoic by collisional tectonics. Alternatively,
some of these features may be remnant housts associated with the rifting and extension in the
Gulf basin (Miller, 1982).
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The Apalachicola, Conecuh, and Manila embayments were major Mesozoic depocenters
in addition to the Mississippi Interior Salt and Apalachicola basins (Mancini and Benson, 1980;
Pontigo, 1982). These structural features are thought to have formed as rift grabens that were
associated with the opening of the Gulf of Mexico (Miller, 1982) which became areas of
sediment accumulation. The Pickens, Gilbertown, Pollard, and Foshee fault systems were active
from the Late Jurassic to the Miocene in Alabama with maximum displacement occurring during
the Cretaceous (Martin, 1978).
The Conecuh Ridge, a salient located in southwestern Alabama, forms the westernmost
limit of the South Georgia Rift System (Figure 4) (Prather, 1992). The Pensacola Arch, another
salient, is located to the southeast. The Pensacola Arch probably is related to folding or draping
over an extension of Paleozoic rocks from the Chattahoochee arch southwestward into the
panhandle of Florida. The Conecuh embayment is the broad paleotopographic low within the
western prong of the South Georgia Rift system between the Conecuh Ridge and Pensacola Arch
(Prather, 1992).
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Figure 4. Regional tectonic features of the southeastern Gulf Coast. Study area noted in blue
(modified from Prather, 1992).

The study area, including the Conecuh Ridge and the South Georgia Rift is relatively
stable tectonically and is characterized by localized large-scale salt movement, drape-related
folding, and block faulting (Prather, 1992). Beginning during the Tithonian, salt movement
along the Pollard-Foshee fault system formed a large structural complex of large “rollover”
anticlines on the downthrown side of the major basin faults, just south of Conecuh County.

9

Basement-related block faulting southwest and west of the Conecuh ridge produced
numerous small horsts and grabens in the area (Prather, 1992). In response to tensional stresses
related to opening of the Atlantic Ocean, block faulting occurred during the Late Triassic and
Early Jurassic. During the same time period, another block faulting episode produced a trend of
horst and grabens perpendicular to the earlier fault trends (Hutley, 1985).
2.2. Regional Stratigraphy
Norphlet and pre-Norphlet strata within Mississippi, Alabama, and Florida include preMesozoic sedimentary and crystalline basement rocks, Triassic Eagle Mills Formation
sedimentary and igneous intrusive rocks, and Jurassic Werner Formation, the Louann Salt, and
the Norphlet Formation sedimentary rocks.
The Werner Formation disconformably overlies the Eagle Mills Formation where present
or basement rocks, and represents the initial transgression of marine water into the Gulf of
Mexico basin (Tolson et al, 1983). The Werner Formation is thin or absent on adjacent
paleohighs such as the Wiggins arch complex and the Choctaw, Conecuh and Pensacola-Decatur
ridge complexes. The Werner consists predominantly of anhydrite, but minor red, gray, and
black shale, red sandstone, and conglomerate occur near the base of the unit.
The Louann Salt disconformably overlies the Eagle Mills Formation or basement rocks.
The updip limit of thick Louann deposition is at approximately the same position as the regional
peripheral fault trend. Silty, sandy, massive halite with intercalcated anhydrite primarily
compose the Louann (Tolson et al., 1983). In southwestern Alabama and in the Florida
panhandle, the Louann Salt is widespread and has been encountered in the Manila, Conecuh, and
Apalachicola embayments, as well as in the Apalachicola basin and the Mobile Bay area. The
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Louann is absent along portions of the Wiggins arch complex and on the Choctaw, Conecuh and
Pensacola-Decatur ridge complexes.
The Norphlet exhibits considerable facies variation over its area of distribution. The
Norphlet is chiefly a red bed sequence of sandstone and conglomerates (Imlay, 1943; Murray,
1961). This implies that majority of the Norphlet is primarily an eolian sand unit with iron oxide
discoloring being sourced from the alluvial fans along the updip limit. Red beds are common
rock types in parts of Choctaw, Clarke, Monroe, Escambia, Washington, Mobile, and Baldwin
Counties in Alabama (Wilkerson, 1981; Mancini et al, 1985). Updip from these counties in
Alabama, the Norphlet coarsens to conglomeratic sandstones and pebble conglomerates that
include both red and non-red types (Pepper, 1982).
The Norphlet Formation is composed of four lithofacies within Conecuh County
Alabama. Starting updip along the Paleozoic source rock, conglomerate and conglomeratic
sands are located. This begins to grade into the red bed sequence of shales, shaley sands, and
siltstones toward its base. Downdip towards the basin consist mostly of the uppermost sandstone
Denkman Member. This upper well-sorted sandstone is underlain by a red bed sequence of
shales, shaley sands, and siltstones toward its base.
At upmost updip areas of the Norphlet Formation consist of conglomerate and
conglomeratic sands. Conglomeratic sandstone consists of gray to red, poorly sorted, very fine
to coarse-grained, and contains angular to subangular quartz grains. Typically, the sandstone
contains granule to cobble-size clasts of chert, shale, quartzite, granite, and rhyolite. In certain
areas the conglomerate and conglomeratic sands can reach a thickness up to 400 ft. The
interbedded sand can reach a thickness of two to three feet thick (Pepper, 1982)
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Downdip from the conglomerates with a gradational contact is the red bed sequence. The
red bed sequence consists of red, brown, and gray sands and siltstones, and multi-colored shales.
The sands are poorly to well sorted, very fine to very coarse grained and are locally bimodal.
The red coloration is from iron oxide grain-coating and a red clay matrix of 1-2 percent of the
rock. Stratification types include massive, horizontal and wavy laminations and cross-stratified
sand similar to that of the lower unit of the Denkman. The base of the red bed sequence is
composed of shales, shaley sands, and siltstones. Wilkerson (1981 a,b) interprets the shale as a
Norphlet basal shale lithofacies which is laterally discontinuous.
The Denkman Member is made up of a gray and brown, fine to medium-grained, wellsorted, subarkose, with little to no clay (Folk, 1974). Toward its base, light red sandstone is
common as it grades into the underlying red bed sequence. Quartz and calcite cements are
dominant with some minor dolomite and anhydrite cementation. The Denkman is relatively free
of detrital clay, but authigenic clay is common, which reduces permeability (Honda and
McBride, 1981).

Stratigraphically, the Denkman can be divided into two separate units: an

upper massive unit normally at the top of the Norphlet, and a lower cross-stratified unit.
Discontinuous wavy and horizontal laminations are also found in this unit. The lower unit
generally consists of subangular to subrounded fine-grained sands, and subrounded to wellrounded medium-course grained sands. The lower unit locally contains thin massive and
horizontally laminated interbeds within the cross-stratified sand, which indicates that narrow
interdunes separated the broad, dine sands of the Norphlet.
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The occurrence of these lithofacies within the Norphlet vary with paleogeographic
position in the depositional basin. The Norphlet is thought to have been deposited in eolian dune
and interdune, sabkha, alluvial fan, deltaic, lacustrine, and shallow marine environments under
arid conditions. Conglomeratic sandstone dominates Norphlet strata in more updip positions
along the basin margin, and begin to grade downdip into red bed sands and distal siltstones and
shales (Mancini etal., 1985; Marzano et al., 1988).
The age of the Norphlet is bracketed by the Callovian age of the underlying Louann Salt
(Salvador, 1979) and by the late Oxfordian age of the top of the overlying Smackover Formation
(Imlay, 1941). The Norphlet Formation (Oxfordian) generally overlies the Louann Salt with a
conformable contact. The Norphlet, however, unconformably overlies either the Werner
Anhydrite Formation, the Eagle Mills Formation as an angular unconformity or Paleozoic
basement rocks as a nonconformity in absence of the Louann (Tolson et al., 1983; Mink et al.,
1985). The Norphlet Formation is a predominantly continental clastic deposit that is regionally
extensive and it occurs in the subsurface throughout most of the study area. In southwest
Alabama, the Norphlet Formation ranges in thickness from i.e. - Ø to over 800 feet. The
Norphlet Formation was deposited during the Oxfordian stage and overlies the Louann
Formation evaporite sequence (Figure 5). It is overlain by the Smackover/Haynesville sequence,
which is the lower of two Upper Jurassic depositional sequences. The deposition of the Norphlet
and Louann Formations began after a partial flooding event into the South Georgia rift system
during the Middle Jurassic by marine waters from the newly forming Gulf of Mexico. Norphlet
Formation deposition occurred at the basin rim as terrigenous material from surrounding
highlands was carried basinward by intermittent streams and deposited to form a basal Norphlet
fluvial facies (Wilkerson, 1981). These sediments were reworked by desert winds creating
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extensive sand seas (ergs) towards the southwest of the study area (Figure 6). West of the study
area is a large topographic high, and a less extensive Norphlet dune field located in the Conecuh
embayment.

Figure 5. Stratigraphic column of Norphlet Formation and other geologic units found in the Gulf
of Mexico region (modified from Hammes, 2012).
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Figure 6. Isopach map of the Norphlet showing the distribution of broad, thick sand bodies
associated with ergs and small localized thins around basement inselbergs (modified from
Prather, 1992).
2.3. Depositional System
The Norphlet deposition was at the beginning of the Oxfordian Stage during a low stand
system tract. Norphlet started with the erosion of the Appalachian Paleohighs developed alluvial
fans along the updip margins. During the Oxfordian Stage, eolian processes reworked the top of
the Norphlet, depositing marine siliciclastics before rising sea levels-initiated deposition of
Smackover carbonates (Wilkerson, 1981; Mancini et al., 1985; Marzano et al., 1988; Dixon et
al., 1989). Overlying the Norphlet Formation is the Smackover/Haynesville sequence, which
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consists of a shallow marine carbonate overlain by marginal-marine and continental siliciclastics
of the lower Haynesville Formation. Deposition of the Smackover occurred in environments that
ranged from supratidal to open marine (Mancini and Benson, 1980). Dolomitized ooid
grainstones and algal boundstones are present in the Smackover. These dolostone units serve as
reservoirs for multiple oil and gas fields in the area.
Distribution of Late Jurassic carbonate and evaporite sediments within the area was
affected by the paleotopography of Norphlet eolian erg deposits and localized basement highs.
Quartz sand grains, which are found locally in the basal Smackover, indicate that deposition of
the massive sandstones of the uppermost Norphlet Formation was time equivalent to the
deposition of basal Smackover. Structureless sandstones present below the Norphlet/Smackover
contact suggest that the Norphlet eolian sandstones were reworked during Oxfordian sea level
rise and inundation of the northwestern Gulf Coast (Wilkerson, 1981). The absence of crossbedding and the position below the Smackover tidal-flat facies suggest that reworking in the
study area occurred by mass flow, slumping, and/or liquefaction of underlying eolian dunes of
the Norphlet Formation. A marine transgression was initiated during the late phase of Norphlet
deposition, resulting in the reworking of the underlying sediments. The marine transgression
system tract continued during the early phase of Smackover deposition, resulting in the
reworking of the underlying sediments (Mancini, 1985).
According to Prather (1992), crinkly laminations and position on paleotopographic highs
suggest that stromatolitic dolomudstones in the basal Smackover were deposited in hypersaline,
low-energy, upper intertidal to supratidal environments. Also, fenestral fabrics in the lower
Smackover have been reported by Esposito and King (1986), indicating supratidal conditions.
Tidal flats formed along the rim of the basin due to the rate of sea level rise slowing relative to
16

the rate of sedimentation (Prather, 1992). This is suggested by the deposition of intertidal and
tidal-flat sediments adjacent to paleotopographic highs. The initial transgression of the Late
Jurassic sea did not reach the ultimate updip limit of the Smackover in the Conecuh embayment.
Within the Norphlet desert, some paleotopographic highs are eroded basement which probably
stood in relief. The extensive boundstone within the Conecuh embayment is localized over a
Norphlet paleotopographic high (Prather, 1992). The sharp Smackover/Norphlet contact
represents a transgressive event that had Norphlet sands slumping, in a restricted subtidal
environment, and depositing the laminated lime mudstones of the basal Smackover. However,
some of the sharp contacts are a result of pressure solution and diagenesis long after deposition.
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3. THE PETROLEUM SYSTEM

Oil and gas have been produced from Jurassic reservoirs of the Smackover and Norphlet
formations across the Gulf Coast. The petroleum source rocks are lower Smackover Formation
carbonate mudstones. Reservoirs are commonly found in the Norphlet intertidal, eolian, and
braided stream deposits. The trapping mechanism for Norphlet fields include stratigraphic,
structural, and diagenetic traps (Kugler and Mink, 1999).
The Norphlet Formation consists of intervals of high and low reservoir quality within
compositionally similar cross-bedded eolian sands. It is considered a major gas reservoir in the
Gulf coast and southern Alabama at depths of around 21,800 ft and temperatures greater than
400℉. The Norphlet located onshore Alabama consists of thick intervals of cross-bedded
quartz-rich eolian facies, wadi, and marine sandstones with principally secondary (dissolution)
porosity with some intergranular porosity (Mancini, 1985).
Studies of the Fairway field in Mobile Bay have shown that the Norphlet can be divided
into three distinct reservoir quality zones, despite a limited range of facies, texture, and grain
compositions from top to bottom of the dune complexes. The first zone is the upper tight zone,
typically marked by a slower drilling rate and a porosity of less than 8% (Dixon et al., 1989).
The tight zone is absent in updip wells and is more continuous in downdip wells, ranging in
thickness from 0 to 167 feet (Dixon et al., 1989). The second zone, located below the upper tight
zone, is the upper porous zone. The upper porous zone is defined by a transitional interval of 8-
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10% porosity that is only partially quartz cemented and a thickness range of zero to 100ft
(Ajdukiewicz et al., 2010). The last zone is the lower porous zone known as the main reservoir.
The main reservoir is characterized by porosities from 10 to 20% and less than 1% quartz cement
abundance.
Onshore Alabama fields have intervals of Norphlet eolian facies with good porosities but
lower permeability compared to Mobile Bay. The lower permeability is the result of extensive
development of pore lining and pore-bridging diagenetic illite in the onshore areas (Ajdukiewicz
et al., 2010). Norphlet hydrocarbons are primarily dry gas. However, traces of paleo-oil occur at
the top of the Norphlet in Mobile Bay as pyrobitumen stains on grain and grain-coat surfaces,
and as solid hemispherical bodies under quartz cement in the tight zone.
Within Conecuh County the most productive fields include the Little Cedar Creek and
Brooklyn fields. Other fields in Conecuh county include: Barnett, Castleberry, Dean Creek, East
Barnett, East Corley Creek, Juniper Creek, North Barnett, Northeast Barnett, Northwest Range,
Pigeon Creek, Robbins Branch, Sepulga River, and Southwest Range. These fields mainly
produce out of the Smackover Formation where in Robbins Branch production is from
Haynesville Sands and Cotton Valley. The Smackover Formation is the most prolific
hydrocarbon producer in Alabama (Kugler and Mink, 1999). In Conecuh County there are two
wells that were drilled to the Norphlet Pool: Kennedy 36-12 #1 (P. 16827) and Mary Mack 30-14
(P. 16398). The Kennedy 36-12 #1 well originally drilled as a productive extension of Brooklyn
Field (Smackover Pool), became a discovery well for Polly Creek Field (Norphlet Oil Pool).
The Mary Mack 30-14 well is located within Brooklyn Field and was tested for oil and gas from
the Norphlet, a pool not yet defined in the field. The well however was plugged back and
produces from the Smackover oil pool of the field. In the surrounding counties Escambia,
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Monroe, and Covington there are four wells that actively produce from the Norphlet Pool (Figure
1).
3.1. Depositional Controls on Reservoir Quality
Early diagenesis in the first few hundred feet of burial had an effect on Norphlet reservoir
quality and the depositional attributes. Cores from thick Norphlet complex linear dunes show
running sequences of cross-bedded dune avalanche and wind-ripple facies. Occasional
interdunes facies may consist of few damp or wet evaporite-cemented intervals. The wet
interdune facies are caused by the depositional style of longitudinal dune complexes
(Ajdukiewicz et al., 2010). The water table was deeply buried for the thick dune complexes.
This limited the amount of evaporite cements formed, which occur as small nodules of anhydrite
transitioning to quartz and calcite. Ajdukiewicz (2010), discovered other occurrences of early
evaporite cement along with thin zones of quartz and carbonate cemented sand. Most common
Norphlet lithofacies are wind-ripple deposits.
Rock texture is connected to facies by the energy of the depositional environment. In the
upper and lower porous reservoirs of the Norphlet, avalanche facies have higher average porosity
and permeability than wind-ripple facies (Ajdukiewicz et al., 2010). Wider range of sandstone
grain size and composition occur more in onshore wells than those near Mobile Bay. In both
onshore and offshore areas, Norphlet sand grains are covered by discontinuous tangential illitic
clay coats (Ajdukiewicz et al., 2010).
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4. METHODS

This research involved using 310 mudlogs, 266 wireline logs, and core descriptions from
ten wells. Each mudlog, wireline log, and core are either from Conecuh County, Monroe
County, Escambia County, or Covington County.
Using the mudlogs, I quantified five different facies from the uppermost 100 feet of the
Norphlet Formation and weathered material from the underlying basement rocks. The Norphlet
Formation facies seen in the study area consist of conglomeratic sands, red bed sands, the
uppermost sandstone Denkman member, shale, and evaporite. The underlying basement rock are
Paleozoic metamorphic and igneous rocks. After the facies data were collected, this information
was entered into ArcMap to create a geodatabase of 310 wells (Figure 7). I also created a pie
chart facies map showing the lithology percentage in each well as a pie chart with the five facies
from Norphlet Formation and the underlying basement rocks as database field inputs (Figure 8).
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Figure 7. Location map for base wells and examined cores.
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Figure 8. Location map of lithofacies percentage by pie chart for each well.

Cores provided by the Alabama Oil and Gas Board from Conecuh County, Monroe
County, and Escambia County wells were described at the Geological Survey of Alabama in
Tuscaloosa (Figure 7). The core descriptions were based on texture, composition, sedimentary
structures, and grain fabric using a 10x hand lens and a binocular reflective light scope.
Additionally, the use of dilute hydrochloric acid was used to estimate mineral content. These
core descriptions were used to calibrate the mudlog descriptions.
Using information interpreted from the mudlogs, I generated a lithofacies map
representing the five facies for the Norphlet Formation, and the lithofacies describing the
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underlying formations (Figure 8). The criteria used to characterize lithofacies were classified
based on the description of each lithofacies and the percentage within each well. Conglomeratic
sandstone consists of gray to red, poorly sorted, very fine to coarse-grained, and contains angular
to subangular quartz grains. Typically, the sandstone contains granule to cobble-size clasts of
chert, shale, quartzite, granite, and rhyolite. Red Beds consisting of gray to red, poorly to
moderately sorted, very fine to coarse-grained subarkose, containing angular to subangular
quartz grains. Denkman Sandstone Member consists of gray to brown, moderately well-sorted to
well-sorted, very fine to medium-grained subarkose, containing subrounded to rounded quartz
grains. Shale occurs at the base of the Norphlet sequence. Typically, is black, structureless to
wavy laminated, and illitic. Using these descriptions and percentage of each lithofacies within
each well, I created a lithofacies map of the top 100 feet of the Norphlet for Conecuh County and
surrounding portions of the neighboring counties including Monroe County, Escambia County,
and Covington County (Figure 9-10). A map was also created to show the lithology at the
contact of the Norphlet and Smackover Formations in each well (Figure 11).
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Figure 9. Lithofacies map with pie chart and the basement lithofacies
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Figure 10. Lithofacies Map of Study Area with described core location.
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Figure 11. Location map showing overlying lithology at Norphlet Formation contact.

The stratigraphic tops of the Norphlet Formation were selected from wireline logs and
mudlogs in order to create a structure contour map for the top of the Norphlet Formation (Figure
12). The contour map was constructed in ArcMap and using the Spline with Barrier method of
interpolation with a contour interval of 150 feet. Area where the Norphlet is not present was
taken out to represent the updip limit. The lithofacies map was then overlaid with the structure
contour map (Figure 13).
To confirm the grading of the Norphlet, two cross-sections were made (Figure 14-16).
Both cross-sections were made using mudlogs for each well. However, only portions of the
mudlog was used, so the overlying formations of the Norphlet were not represented accurately.
Cross-section A-A’ is from the west to east starting in Monroe County and into middle Conecuh
County. Cross-sections B-B’ is from south to north starting from Monroe County into upper
Conecuh County.
Lastly, a paleogeography map was developed to represent the local features of the
Norphlet Formation in the study area (Figure 17). This was done by using the lithofacies map
overlaid with structure contour map and interpreting what features are present based on the
lithology seen.
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Figure 12. Structure contour map of the stratigraphic tops of Norphlet Formation and base wells created by Spline with
barrier interpolation method.
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Figure 13. Lithofacies map overlaid with structure contour map.
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Figure 14. Lithofacies map overlaid with structure contour map. Showing cross-sections, A-A’ and B-B’.
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Figure 15. Cross-section A-A’.
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Figure 16. Cross-section B-B’.
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Figure 17. Paleogeography map of the Norphlet Formation.

5. RESULTS/DISCUSSION
5.1. Lithofacies Data
The majority of conglomerate-dominated wells occur along the updip margins within
Conecuh County. The conglomerate area gradually grades into the red beds and thin the upper
sandstone. This is a result of basin subsidence and erosion of the ancestral Appalachians
(Mancini et al, 1985). The most common lithology near the updip limit of the Norphlet includes
igneous/metamorphic crystalline rocks from the Appalachian uplift occurring as conglomeratic
gravel material consisting of weathered metamorphic basement material and other locally
sourced sediments. This lithofacies represents proximal alluvial fans depositing Paleozoic rock
material near the Appalachian source.
The conglomerate lithofacies grade into the red beds lithofacies consisting of
gravels, sand, and shale along the updip margins. The lithofacies is interpreted to be the distal
portion of the alluvial fan deposits as it is located within the updip limit of the Norphlet
deposition. The Red Beds represents and alluvial plain within the study area. Towards the
downdip area, the mixed lithofacies begin to grade into the upper sandstone lithofacies. This
supports Mancini’s deposition model for the Norphlet Formation (Mancini et al., 1985) (Figure
2). The main source of the sand was the updip conglomerate gravel lithofacies. The red bed
sand lithofacies is likely comprised of both alluvial fan and plain deposits. Further downdip is
the start of dune and interdune development consisting of the upper sandstone towards Baldwin
and Mobile County. Shales within the study area show no distinct configuration. Mancini et al.,
1985, suggests this is due to the fact that they are alluvial plain sediments. Within portions of the
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study area and further downdip is the evaporites lithofacies. Evaporites developed from playa
lakes and are nonmarine evaporites, which accumulate in closed depressions with no external
exit (Mancini et al., 1985). Playa lakes are influenced by ephemeral flooding usually by high
rainfall. There will normally be large amount of dissolved matter entering the lake. Within the
arid environment, water evaporates and salinity increases which allows evaporite minerals to
precipitate and crystallize. This process occurs through this period resulting in a decrease in size
for the lakes and nonmarine evaporite deposit. The contact point of the Norphlet Formation is
overlain by the Smackover Formation. The facies seen from the Smackover Formation is
primarily limestone and in the western portion of the study area is dolostone (Figure 11).
Dolostone contact is seen near the updip limit on the southwestern portion of Conecuh county,
and southern portion of Monroe county. This suggests that there was magnesium-rich
groundwater is this area in order for dolomitization to take place. There are a few contact points
where the chemical change partially altered the rock so there was dolomitic limestone.
The stratigraphic tops of the Norphlet Formation were selected from wireline logs and
mudlogs in order to create a structure contour map for the top of the Norphlet Formation (Figure
12). The contour lines outline the updip limits of the Norphlet along the Conecuh Ridge and
with the Conecuh Embayment. Then shows how the Norphlet grades downdip to the southwest
towards the basin. The lithofacies map was then overlaid with the structure contour map (Figure
13). Both maps show the conglomerates along the updip margin and grade downdip into the red
beds and upper sandstone. It also represents certain paleohighs west and southwest of the
Conecuh Ridge pretty well, with potential paleohighs within the Conecuh Embayment. There
are known faults just south of the study area. However, there is one or more potential faults seen
along the Conecuh and Escambia boarder.
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To confirm the grading of the Norphlet, two cross-sections were made (Figure 14-16).
Both cross-sections were made using mudlogs for each well. Cross-section A-A’ is from the
west to east starting in Monroe County and into middle Conecuh County. This cross-section
represents the gradual change in lithofacies. Where conglomerates are seen along paleohighs,
occasionally being overlaid with upper sandstone, that grade into the red beds. Cross-sections BB’ is from south to north starting from Monroe County into upper Conecuh County. This crosssection represents the normal grading of the Norphlet from basin towards the updip limits.
Downdip is the upper sandstone that grades into the red beds and then conglomerates pinching
out along the paleo basement.
5.2.Core Descriptions
The core data for each well match the lithofacies data (Figure 13). Photos of the core
with their descriptions and adjacent mudlogs can be seen in the appendix.
Ten cores have been described from the study area including: Sklar CCL&T 10-5 #1
(P.16990-B), Sklar CCL&T 13-13 #1 (P.16175), Sklar CCL&T 33-10 #1 (P.16686), Sklar
CCL&T 33-10 #1 (P.17022-B), Morgan 13-5 #1 (P.16360), Craft D. W. McMillan Trust 25-10
No. (P. 16236), BSMC 43-16 #1 (P. 17109 – B), Holley 1-4 #1 (P. 16905), Mary Ann Brown 2316 (P. 11409), and Craft Brye 8-4 (P. 15159-B). Eight distinct sedimentary fabrics were
observed within the cores, including: massive limestone (Smackover), well cemented gravel,
shale bedding, parallel laminae, poorly sorted gravel, matrix supported gravel, ripple bedded
sand, and ripple cross laminae (Figure 18, Appendix).
The Sklar CCL&T 10-5 #1 (P.16990-B) well is plotted as a red bed sand lithofacies with
the mudlog showing 75% sand at a depth of -12,315 ft to -12,405 ft and 25% shale at a depth of 12,360 to -12,410 ft (Figure 19-20, Appendix).
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The Sklar CCL&T 13-13 #1 (P.16175) well is plotted as a conglomerate gravel
lithofacies with the mudlog showing 10% shale at depth of -10,320 ft to -10,360 ft and 90%
conglomerate at a depth of -10,269 ft to -10,360 ft (Figure 21-22, Appendix).
The Sklar CCL&T 33-10 #1 (P.16686) well plots as a conglomerate well transitioning
into red bed lithofacies with the mudlog showing 10% limestone at a depth of -12,160 ft to 12,110 ft, 4% dolostone at -12,120 ft to -12,157 ft, 35% sand at -12,158 ft to -12,235 ft, 22%
shale at -12,160 ft to -12,235 ft, 26% conglomerate at -12,160 ft to -12,260 ft, and 3% anhydrite
at -12,158 to -12,160 (Figure 23-24, Appendix).
The Sklar CCL&T 33-10 #1 (P.17022-B) well plots as a sand lithofacies however there is
not a mudlog to compare with core photograph (Figure 25, Appendix) and core descriptions
(Figure 26, Appendix).
The Morgan 13-5 #1 (P.16360) well plots as a mix lithofacies with the mudlog showing
5% limestone at contact point with depth of -10,230 ft, 35% sand at -10,230 ft to -10,320 ft, 30%
shale at -10,230 ft to -10,325 ft, and 30% conglomerate at -10,230 ft to -10,330 ft (Figure 27-28,
Appendix).
The Craft D. W. McMillan Trust 25-10 No. (P. 16236) well plots as conglomerate
lithofacies, however it is at the transition into the red beds with the mudlog showing 10%
dolostone at -12,620 ft to -12,660 ft, 70% sand at -12,620 ft to -12,700 ft, 10% shale at -12,620 ft
to -12,640 ft, and 10% conglomerate -12,690 ft to -12,700 ft (Figure 29-30, Appendix).
Holley 1-4 #1 (P. 16905) well plots as upper sandstone lithofacies, however the mudlog
showing 65% sand at -12,060 ft to -12,160 ft, 30% shale at -12,060 ft to -12,160 ft, and 5%
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anhydrite at -12,130 ft to -12,160 ft (Figure 33-34, Appendix). This well is located on the edge
of red beds transition into the upper sandstone.
Mary Ann Brown 23-16 (P. 11409) well plots as red bed lithofacies in a small area of
Monroe County surrounded by conglomerate gravel, with the mudlog showing 90% sand at 12,090 ft to -12,190 ft, and 10% shale at -12,090 ft to -12,190 ft (Figure 35-36, Appendix).
Lastly, Craft Brye 8-4 (P. 15159-B) well plots as conglomerate lithofacies with the
mudlog showing 5% limestone at contact depth -11,220 ft, 29% sand at -11,220 ft to -11,320 ft,
30% shale at -11,220 ft to -11,320 ft, and 34% at -11,220 ft to -11,320 ft (Figure 37-38,
Appendix).
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6. CONCLUSIONS

Deposition of the Norphlet in southern parts of Alabama occurred in an arid climate
(Pepper, 1982). Jurassic sedimentation in the eastern Gulf Coastal Plain was influenced by the
paleogeographic framework that resulted from tectonic events from Paleozoic to the Late
Triassic-Early Jurassic. These include the combined effects of continental collision during late
Paleozoic, and continental rifting during Late Triassic-Early Jurassic (Wood and Walper, 1974;
Martin, 1978; Salvador, 1987). This plate tectonic framework influenced the accumulation of
Jurassic sediments.
The Apalachicola, Conecuh, and Manila embayments were major Mesozoic depocenters
in addition to the Mississippi Interior Salt and Apalachicola basins (Mancini and Benson, 1980;
Pontigo, 1982). These structural features are thought to have formed as rift grabens that were
associated with the opening of the Gulf of Mexico (Miller, 1982) which became areas of
sediment accumulation.
Conglomeratic and red bed sands represent alluvial fan braided stream environments
where clastic deposition occurred. These sediments were re-deposited in desert dune and interdune environments and reworked into downdip areas (Pepper, 1982). Towards the end of
Norphlet deposition, sediments were reworked and deposited in prograding intertidal
environments due to a transgression. The quartzose lithofacies, or Denkman Member of the
Norphlet Formation, represents dune, interdune, and intertidal environments. Norphlet
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deposition was controlled by basement paleohighs resulting in thin or absent Norphlet over these
paleohighs.
The Norphlet Formation was deposited during the Oxfordian stages and overlies the
Louann Formation evaporite sequence. It is overlain by the Smackover/Haynesville sequence,
which is the lower of two Upper Jurassic depositional sequences. The deposition of the Norphlet
and Louann Formations began after a partial flooding event in the South Georgia rift system
during the Middle Jurassic by marine waters from the newly forming Gulf of Mexico. Norphlet
Formation deposition occurred at the basin rim as terrigenous material from surrounding
highlands was carried basinward by intermittent streams and deposited to form a basal Norphlet
fluvial facies (Wilkerson, 1981).
The Norphlet Formation is composed of four lithofacies within Conecuh County
Alabama. These include conglomerates and conglomeratic sands along the updip margin. These
are overlain by red bed sequence of shales, shaley sands, and siltstones toward its base that occur
immediately downdip. Overlying the red beds with a gradational contact are the upper wellsorted sandstone.
The occurrence of these lithofacies within the Norphlet vary with paleogeographic
position in the depositional basin. The Norphlet is thought to have been deposited in eolian dune
and interdune, sabkha, alluvial fan, deltaic, lacustrine, and shallow marine environments under
arid conditions. Conglomeratic sandstone dominates Norphlet strata in more updip positions
along the basin margin, and begin to grade downdip into red bed sands and distal siltstones and
shales (Mancini etal., 1985; Marzano et al., 1988). Sigsby (1976) believed that conglomeratic
sandstones in Escambia County grade down dip into intertidal mud flats. These mud flats would
be evidence of the eolian sands being reworked by the marine transgression.
41

Mudlog data was used to develop a lithofacies map of the study area of Conecuh County
along with neighboring counties Escambia county, Monroe county, and Covington County. The
data was plotted to support the Norphlet Deposition as gravels in the updip margins, grading
downdip to the red bed sequence, then upper sandstone lithofacies, with interfingering shale in
some locations. The gravels represent the alluvial fans made up of conglomerates and
conglomeratic sands. The red bed lithofacies represent the alluvial plain with wadi and braided
streams. These grade into sands that meet the criteria for the upper sandstone, that grade towards
the basin where the eolian dunes and interdunes should be.
Core descriptions of ten wells confirm that each well plots confidently in reference to
lithofacies. The examination of the cores assisted in understanding the depositional history of
the Norphlet. However, to get a better understanding, more core should be examined especially
towards the west of Conecuh county and the northern section of Conecuh Embayment. This
would also help locate the exact position of the updip margin.
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APPENDIX

51

Figure 18. Key of each sedimentary fabric described in core. Eight fabrics include well
cemented gravel, shale bedding, parallel laminae, poorly sorted gravel, matrix supported gravel,
limestone, ripple bedded sand, and ripple cross laminae.

52

The core data for each well match the lithofacies data (Figure 13). The Sklar CCL&T
10-5 #1 (P.16990-B) well is plotted as a red bed sand lithofacies with the mudlog showing 75%
sand at a depth of -12,315 ft to -12,405 ft and 25% shale at a depth of -12,360 to -12,410 ft as
seen in Figure 19-20.

Figure 19. Mudlog of well CCLT 10-5 #1 (P. 16990-B) showing top 100 ft of Norphlet
Formation.
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A.

B.

C.

Figure 19. (continued) Core photographs from well CCLT 10-5 #1 (P. 16990-B) A. at depth -12,298 ft to -12,307 ft, B. at depth 12,307 ft to -12,316 ft, C. at depth -12,316 ft to -12,325 ft.

55
D.

E.

F.

Figure 19. (continued) Core photographs from well CCLT 10-5 #1 (P. 16990-B) D. at depth -12,325 to 12,334 ft, E. at depth -12,334ft
to -12,343 ft, F. at depth -12,343 to -12,352 ft.
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G.

H.

Figure 19. (continued) Core photographs from well CCLT 10-5 #1 (P. 16990-B) G. at depth -12,352 to -12,361 ft, H. at depth -12,361
ft to -12,361 ft.

Figure 20. Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B. Cross hatch pattern
indicates grain size of matrix.
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Figure 20. (continued) Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B.
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Figure 20. (continued) Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B.
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Figure 20. (continued) Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B.
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Figure 20. (continued) Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B.
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Figure 20. (continued) Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B.
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Figure 20. (continued) Core description, Sklar CCL&T 10-5, #1 well, Permit 16990-B.
63

The Sklar CCL&T 13-13 #1 (P.16175) well is plotted as a conglomerate gravel
lithofacies with the mudlog showing 10% shale at depth of -10,320 ft to -10,360 ft and 90%
conglomerate at a depth of -10,269 ft to -10,360 ft (Figure 21-22).

Figure 21. Mudlog photographs from well Sklar CCL&T 13-13 #1 (P. 16175).
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Figure 21. (continued) Core photographs from well Sklar CCL&T 13-13 #1 (P. 16175) at depth 10,250 ft to -10,259 ft.
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Figure 22. Core description, Sklar CCL&T 13-13, #1 well, Permit 16175. Cross hatch pattern
indicates grain size of matrix.

66

The Sklar CCL&T 33-10 #1 (P.16686) well plots as a conglomerate well transitioning
into red bed lithofacies with the mudlog showing 10% limestone at a depth of -12,160 ft to 12,110 ft, 4% dolostone at -12,120 ft to -12,157 ft, 35% sand at -12,158 ft to -12,235 ft, 22%
shale at -12,160 ft to -12,235 ft, 26% conglomerate at -12,160 ft to -12,260 ft, and 3% anhydrite
at -12,158 to -12,160 (Figure 23-24).

Figure 23. Mudlog photograph of Sklar CCL&T 33-10 #1 (P. 16686).

Figure 23. (continued) Mudlog photograph of Sklar CCL&T 33-10 #1 (P. 16686).
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B.

C.

Figure 23. (continued) Core photographs from well CCL&T 33-10 #1 (P. 16686) A. at depth -12,152 to -12,161 ft, B. at depth -12,161
to -12,170 ft, C. at depth -12,170 to -12,179 ft.
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D.

E.

Figure 23. (continued) Core photographs from well CCL&T 33-10 #1 (P. 16686) D. at depth -12,179 to -12,188 ft, E. at depth -12,188
to -12,191 ft.

Figure 24. Core description, Sklar CCL&T 33-10, #1 well, Permit 16686. Cross hatch pattern
indicates grain size of matrix.
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Figure 24. (continued) Core description, Sklar CCL&T 33-10, #1 well, Permit 16686. Cross
hatch pattern indicates grain size of matrix.
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Figure 24. (continued) Core description, Sklar CCL&T 33-10, #1 well, Permit 16686. Cross
hatch pattern indicates grain size of matrix.
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Figure 24. (continued) Core description, Sklar CCL&T 33-10, #1 well, Permit 16686. Cross
hatch pattern indicates grain size of matrix.
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Figure 24. (continued) Core description, Sklar CCL&T 33-10, #1 well, Permit 16686. Cross
hatch pattern indicates grain size of matrix.
74

The Sklar CCL&T 33-10 #1 (P.17022-B) well plots as a sand lithofacies however there is
not a mudlog to compare with core photograph (Figure 25) and core descriptions (Figure 26).

Figure 25. Core photographs from well CCLT 33-10 #1 (P. 17022) at depth -11,713 ft to
-11,715.3 ft.
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Figure 26. Core description, Sklar CCL&T 33-10, #1 well, Permit 17022-B. Cross hatch pattern
indicates grain size of matrix.
76

The Morgan 13-5 #1 (P.16360) well plots as a mix lithofacies with the mudlog showing
5% limestone at contact point with depth of -10,230 ft, 35% sand at -10,230 ft to -10,320 ft, 30%
shale at -10,230 ft to -10,325 ft, and 30% conglomerate at -10,230 ft to -10,330 ft (Figure 27-28).

Figure 27. Mudlog photographs from well Morgan 13-5 #1 (P. 16360).
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A.

B.

Figure 27. (continued) Core photographs from well Morgan 13-5 #1(P. 16360) A. at depth 10,226 ft to -10,235 ft, B. at depth -10,235ft to -10,243.7 ft.
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Figure 28. Core description, Morgan 13-5, #1 well, Permit 16360-B. Cross hatch pattern
indicates grain size of matrix.
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Figure 28. (continued) Core description, Morgan 13-5, #1 well, Permit 16360-B. Cross hatch
pattern indicates grain size of matrix.
80

The Craft D. W. McMillan Trust 25-10 No. (P. 16236) well plots as conglomerate
lithofacies, however it is at the transition into the red beds with the mudlog showing 10%
dolostone at -12,620 ft to -12,660 ft, 70% sand at -12,620 ft to -12,700 ft, 10% shale at -12,620 ft
to -12,640 ft, and 10% conglomerate -12,690 ft to -12,700 ft (Figure 29-30).

Figure 29. Mudlog photograph of Craft D. McMillan Trust 25-10 #1 (P. 16236).
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Figure 29. (continued) Core photographs from well Craft D.W. McMillan Trust 25-10 #1 (P. 16236), A. at depth -12,617ft to -12,626
ft, B. at depth 12,626 ft to -12,635 ft, C. at depth 12,635 ft to -12,644 ft, D. at depth 12,644 ft to -12,653 ft.

Figure 30. Core description, Craft D. W. McMillan Trust 25-10 No. 1, P. 16236.
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Figure 30. (continued) Core description, Craft D. W. McMillan Trust 25-10 No. 1, P. 16236.
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Figure 30. (continued) Core description, Craft D. W. McMillan Trust 25-10 No. 1, P. 16236.
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Figure 30. (continued) Core description, Craft D. W. McMillan Trust 25-10 No. 1, P. 16236.

86

BSMC 43-16 #1 (P. 17109 – B) well plots as mix lithofacies however there is no mudlog
to compare with core photograph (Figure 31) and core descriptions (Figure 32).

Figure 31. Core photographs from well BSMC 34-16 #1 (P. 17109-B) at depth -10,607 ft to
-10,609 ft.
87

Figure 32. Core description, BSMC 43-16 #1, P.17109 – B.

88

Holley 1-4 #1 (P. 16905) well plots as upper sandstone lithofacies, however the mudlog
showing 65% sand at -12,060 ft to -12,160 ft, 30% shale at -12,060 ft to -12,160 ft, and 5%
anhydrite at -12,130 ft to -12,160 ft (Figure 33-34). This well is located on the edge of red beds
transition into the upper sandstone.

Figure 33. Mudlog photograph from well Holley 1-4 #1 (P. 16905).
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Figure 33. (continued) Core photographs from well Holley 1-4 #1 (P. 11409), A. at depth -12,054 ft to -12,063 ft, B. at depth -12,063
ft to -12,072 ft, C. at depth -12,072 ft to -12,081 ft, D. at depth -12,081 ft to -12,090 ft.

Figure 34. Core descriptions, Holley 1-4 #1, P. 16905.
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Figure 34. (continued) Core descriptions, Holley 1-4 #1, P. 16905.
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Figure 34. (continued) Core descriptions, Holley 1-4 #1, P. 16905.
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Figure 34. (continued) Core descriptions, Holley 1-4 #1, P. 16905.

94

Mary Ann Brown 23-16 (P. 11409) well plots as red bed lithofacies in a small area of
Monroe County surrounded by conglomerate gravel, with the mudlog showing 90% sand at 12,090 ft to -12,190 ft, and 10% shale at -12,090 ft to -12,190 ft (Figure 35-36).

Figure 35. Mudlog photograph from well Mary Ann Brown 23-16 #1 (P. 11409).
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A.

B.

C.

Figure 35. (continued) Core photographs from well Mary Ann Brown 23-16 #1 (P. 11409), A. at
depth -11,999 ft to -12,001 ft, B. at depth -12,001 ft to -12,003 ft, C. at depth -12,003 ft to 12,005 ft.
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D.

E.

F.

Figure 35. (continued) Core photographs from well Mary Ann Brown 23-16 #1 (P. 11409), D. at
depth -12.005 ft to -12,007 ft, E. at depth -12,007 ft to -12,008 ft, F. -12,008ft to -12,010 ft.
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G.

H.

Figure 35. (continued) Core photographs from well Mary Ann Brown 23-16 #1 (P. 11409), G. at
depth -12,010 ft to -12,012 ft, H. at depth -12,012 ft to -12,012 ft.
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Figure 36. Core descriptions, Mary Ann Brown 23-16, P. 11409.
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Figure 36. (continued) Core descriptions, Mary Ann Brown 23-16, P. 11409.
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Lastly, Craft Brye 8-4 (P. 15159-B) well plots as conglomerate lithofacies with the
mudlog showing 5% limestone at contact depth -11,220 ft, 29% sand at -11,220 ft to -11,320 ft,
30% shale at -11,220 ft to -11,320 ft, and 34% at -11,220 ft to -11,320 ft (Figure 37-38).

Figure 37. Mudlog photograph of well Craft Brye 8-4 (P. 15159).
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A.

B.

Figure 37. (continued) core photographs of well Craft Brye 8-4 (P. 15159), A. at depth -11,212 ft
to -11,221 ft, B. at depth -11,221 ft to -11,228 ft.
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Figure 38. Core descriptions, Craft Brye 8-4, P. 15159-B.
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Figure 38. (continued) Core descriptions, Craft Brye 8-4, P. 15159-B.
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